This paper presents the development of parametric analysis of a cylindrical robot manipulator, applied to machine tools handling, to accurately evaluate the influence of some parameters on the overall kinetics of the mechanism, through the application of software packages to solve the equations that govern the mechanism. From the results, can be concluded that the behavior of the mechanism has a strong dependence of input parameters, such as loads and torque, and besides that, the apparition of relative movement and forces associated with that, such as Coriolis force, deviate the system from the behavior deducted from classical mechanics; however, the results obtained allowed to establish the usage of MATLAB® as a tool to calculate and predict the system behavior, as a function of time.
Introduction
Robotics constitute one of the major fields of research in the actual society, particularly on industrial scale, due to the possibilities it offers on the automation of certain processes through the repeated application of certain movements required to do a job, maintaining quality parameters on a threshold defined by the worldwide established standards, and at the same time, with an improvement of overall performance, due to the time reduction automation presents on mass-production manufacture [1] - [3] . To do so, robotics tries to replicate the actions done by the human articulations, which can be considered as mechanisms of a certain degree of freedom, defined by their form and function. By replicating these actions, robotics (and therefore process automation), implies the understanding of (a) the kinematic characteristics of the studied mechanism, such as linear and angular position, and (b) the kinetic variables interest, such as velocities and accelerations. To obtain these variables, a series of analyses can be defined by the application of the classical mechanic's equations or alternative methods to deduce the expressions that model the behavior of the studied mechanism [4] . However, these methods share a common point: the given solution, usually is a set of differential equations (that is, expressions where derivatives of the variables of interest are found), which in some cases are difficult to solve analytically; as these mechanisms are widely used in machine tool handling (a vital part on manufacture processes [5] , [6] ), the solution of these equations is a must if the process accuracy is to be controlled, as the system output needs to be predicted to ensure an adequate operation, and therefore, the quality of the manufacturing process [7] . In the present work, a method for the characterization of kinematic and kinetic parameters of the cylindrical robot manipulator, as function of input parametersusually loads applied to it-was established, involving the use of software packages, such as MATLAB®, as a faster alternative to model the behavior of the system, through the programming of the systems equations into a code program that depends only of the input parameters, which can be extended into a Graphical User Interface (GUI) able to easily predict kinetic variables, with the same accuracy level of the theoretical model, which will be useful in optimization processes, though these can be evaluated into future works.
Methodology

Development of the study
Based on the equations that regulate the dynamical behaviour of cylindrical robot manipulators, a code program was developed using MATLAB®, in which numeric methods numerical methods, such as Runge-Kutta (which is vastly developed in the literature [8] ) were used to solve the differential equations involved in the prediction of kinetic and kinematic parameters of the system; besides that, this programming was done to automatize the process as function of some parameters of the system, such as the input vector from equation (8), the masses of the elements
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3633 that constitute the mechanism, and the time step used in the numerical solution. As a result, the code gives the desired output variables of the system, as a function of time, using graphical tools built inside the same package. To verify its capabilities, the model obtained was used to evaluate a couple of study cases, where it was validated.
Fundamental Equations
For the development of the theoretical model, there are two possible ways to study cylindrical robot manipulators (as the one shown in Figure 1 ): by the application of Newton's 2nd law, and using the Lagrange equations, which are a reformulation of the former [9] , [10] . Given the fact Lagrange formulation allows to solve a wider range of physical applications, it is used in the development of the model on the present work. By the Lagrange formulation, the first step involves the determination of a special operator, known as the Lagrangian operator, which can be defined as [9] = −
With and being the kinetic and potential energy of the studied system, shown in Figure 1 . For the kinetic energy, it can be defined as
Where is the mass of the system, = ( ) the angular position, the inertia moment of the base and = ( ) is the total length of the system, measured from the height ℎ of the system. By the other hand, potential energy can be defined using the expression
Replacing (2) and (3) into (1), the Lagrangian operator is defined as
From this expression, it is required to use the Lagrange formulation,
Where , ̇ and are vectors that define the inputs and outputs of the system,
Applying the expression (5), the expressions for the torque on element 1 ( 1 ) and the forces on each element ( 2 and 3 ) as a function of time, are obtained in the form [11] 
Which are the equations that define the behavior of the system, taking into account the inertial and gravity effects, besides the forces originated by relative movements, such as the Coriolis force [9] .
Results and discussion
Below are the results of the main points of the present study:
Validation of the software results
For validation purposes, a sinusoidal torque with a max value of 15 N•m (as shown in Figure 2 ), was used to as an input, to plot the angular position for the cylindrical manipulator as a function of time, as shown in Figure 3 (keeping all other forces at zero); to compare the quality of the results, which were plotted against the theoretical model in the same graph. From Figure 3 , can be seen that the results from the code are similar to the theoretical data, with a relative error of approximately 5%, which can be explained by a certain group of causes such as (a) the quantity of significative digits used by MATLAB® for its calculations, which can affect notably the results and (b) the assumptions made for the theoretical solution, which also is a factor that can have influence on the results obtained. Therefore, it was demonstrated that the generated code was able to predict the behavior of cylindrical manipulators with great accuracy. 
Study of the rotational behaviour of the system
Into the evaluation of the influence of input parameters on the behavior of the system, the torque applied was varied in a range of approximately 10%, for constant forces of 25 N; the results are shown in Figure 4 . From this figure, it is verified torque variation has a significant effect on the angular parameters of the system, generating a proportional change (on order of 22%) in angular position and velocity with respect to the applied input, as it initiates the rotation of the mechanism, which increases considerably with the torque; however, when compared with other types of mechanisms, such as the polar manipulators, the weight of the elements does not cancel the exerted momentum, as the produced by the former acts into a different plane, which leads to the fact torque has to be controlled, when a certain angular behavior is required, as it can produce the undesired rotation of the arm.
Study of the translational behavior of the system
In the same way rotational behavior was studied, the translational behavior was evaluated, with the variation of linear forces applied to extend the second linkage, parting with a starting value of 30 N, and a 20% variation range, and with a torque of zero; besides that, there was another force, applied to lift up the two rotating elements, that is not studied, as it has a low relevance on the dynamics of the system. The results are shown in Figure 5 . From this figure, as predicted by classical mechanics, linear acceleration increases with the load application, as the mass does not vary during the analysis; however, the acceleration originated in an indirect form, such as the ones originated by relative movement and rotation (approximately 8% of the total), needs to be controlled, in order to prevent undesired dynamic loads on the base (element 1) as consequence of neglecting relative movement effects on the mechanism. 
Conclusions
With the present work, a new methodology to solve the Lagrange equations that define the behavior of a mechanism, it was evaluated; this method is based in the programming of said equations into a commercial package (MATLAB® in this case), for their solution through numerical strategies, as Runge-Kutta method. With this, a tool can be modeled into a GUI, to predict the behavior of cylindrical manipulators, with a less time required than the analytical solution at hand, reason by which the code developed can be used in low capacity computers, such as the ones into an industry or a college. From the results, it was verified that the results obtained through the code are in agreement with the theoretical solution, with a deviation of approximately 5%; besides that, the time consumption was considerably less than the analytical solution, as the numerical methods allowed to approach the solution of differential equations through the application of basic mathematic operations.
Regarding the cases studies, an inspection of the first case, allows to establish that the behavior of the system greatly depends on the input parameters, and it was found a free rotation of the element 2 when the applied torque increases, with the main variables (position, velocity, and acceleration) varying with the magnitude of the input, in a proportional form. However, some characteristics of the mechanism, make certain parameters deviate from the common trend; due to the apparition of relative movement, the angular and linear accelerations (most notably the linear) have a slight difference with the predicted by Newton's 2nd law, due to phenomena such as the Coriolis force and the centripetal force generated by the simultaneous rotation of the mechanism.
